Background: After a continuous increase of Chlamydia trachomatis (chlamydia) in Sweden, a general reduction in reported cases was seen in 2009. However, the number and decrease of chlamydia cases varied largely between geographical regions. Aim: The aim of the present study was to identify potential key factors of successful regional prevention of chlamydia and other sexually transmitted infections (STIs). Methods: A multiple case study was performed including seven Swedish counties. Data was collected via surveys and interviews with key informants, county council registry data, survey data on condom use, and surveillance data on reported cases of chlamydia. In a case comparison, factors of prevention structure and prevention activities were identified and rated as strengths or weaknesses compared to standard preventive measures. Potential key factors were identified by examining prevention strengths corresponding to high condom use and decrease of chlamydia cases. Results: Differences were found in prevention structure and activities across counties. Identified potential key factors were; adequate investments in STI prevention, suitable organizational structure, strong leadership, managing regional STI-networks, research connection, multiple local collaborations with health care and community, high testing coverage and strategic risk approach. Conclusions: This study shows that greater consideration to structural factors of chlamydia prevention may benefit the outcomes of STI-prevention activities.
BACKGROUND
The most frequently reported sexually transmitted infection (STI) in several countries including Sweden, is Chlamydia trachomatis (chlamydia). Chlamydia is most common among 15 -29 years old, who account for 89% of all Swedish cases (2010) . The number of reported cases increased steadily from 1997 onwards and reached a peak of approximately 47,000 reported cases in 2007 (of which 57% were female) [1] . Since then, a reduction has taken place with considerable regional differences [2] , which suggest that the preventive response differs across geographical regions.
In 2009, the Swedish National Board of Health and Welfare developed a new Action Plan for Chlamydia Prevention 2009-2014 focusing on adolescents and young adults [2] . The national action plan (NAP) generally aimed to strengthen prevention with inter-sectorial collaboration and a mix of strategies. In Sweden, County Medical Officers (CMO) are responsible for the prevention and control of communicable diseases in each of Sweden's 21 counties and regions, whereas STI-coordinators are responsible for the particular coordination of preventive efforts of STI at the regional level. The NAP recommendations for the regional areas focus on improved counseling and partner tracing and increased availability and accessibility to health care services. Furthermore, schools and youth centers are mentioned as the main arenas for effective prevention, and uniform communication and information is underlined. To enable a successful preventive result, the NAP emphasizes the importance of effective collaboration between sectors and arenas as well as improved interaction within the health care sector [2] .
Several studies have explored possible risk factors for acquiring a STI. Strong risk factors for chlamydia and other STIs include a young age at first sexual intercourse, multiple lifetime sexual partners, and a history of other STIs. Furthermore, health risk behaviours such as smoking, drinking and substance use have shown to affect the risk of STIs by association with sexual risk behaviour [3] [4] [5] .
The evidence base of effective STI-prevention is limited. Reviews have identified some characteristics of effective interventions [6, 7] but sufficient evidence for policy and guidelines is still lacking. A study from Australia on HIV/AIDS showed that cross-sectional partnerships or collaboration, commitment and active involvement of all key stakeholders and favourable resource allocation are key factors of successful prevention [8] .
Other Australian studies emphasize adequate allocation of resources as critical for effective prevention of HIV [9] and stress the importance of policy and prevention strategies regarding different patterns of spread of disease [10] . Collaboration, competencies in the organization and clear leadership have also been further described as important factors for improved HIV prevention services [11] as well as availability and accessibility to information, health care, testing and counseling [12, 13] . Regarding chlamydia, more women than men are diagnosed because of higher testing rates among women [1] . Thus, targeting men to get tested could be of particular importance. Quality assurance regarding staff qualification and allocated time has been shown to determine the effectiveness of partner tracing [14] . A gender consideration in this context is that more men than women are diagnosed through the partner tracing procedure. Moreover, consistent use of behavioural counseling may potentially have an effect on sexual attitudes, [13, 15] and has been found to promote healthy behaviors [16] as well as reduce maladaptive behaviors such as HIV risk taking [17] . Condom is still the only contraceptive method that provides protection against HIV and other STIs. Free distribution or low-cost provision of condoms in combination with information, and education or counseling may be an effective way to reduce chlamydia, considering the price sensitivity of the target group [18, 19] .
In summary, the evidence base of successful STI prevention entails a range of activities aiming to promote sexual-and reproductive health by reduced risk behavior and increased awareness, testing and condom use. Although most of the evidence presented above is included as recommendations in the NAP, comprehensive knowledge on the implementation at the regional level is lacking and there is insufficient understanding of the effectiveness of different components in the prevention mix.
Aims
The overall aim of the present study was to identify potential key factors of successful regional prevention of chlamydia and other STIs in Sweden.
Therefore, the specific aims were to:  Map out the preventive response in seven Swedish counties in terms of structure and activities;  Perform a case comparison of the counties to examine strengths and weaknesses compared to the standard preventive measures;
 Identify potential key factors of successful chlamydia prevention by examining strengths corresponding to high proportion of condom use and decreased number of chlamydia cases. A conceptual model is presented in Figure 1 , on which the framework of the case study was based.
Methods

Case Selection
In 2006, a new mutant variant of Chlamydia trachomatis bacteria (nyCT) was discovered, which was not identified by the nucleic acid amplification diagnostic tests (NAATs) vastly used in Sweden. Out of Sweden's 21 counties and regions, seven used the Becton Dickinson ProbeTec that detected the new variant. Hence this was used as selection criteria and the study was restricted to those counties, in the following named county A-G [20] . The counties were geographically distributed across the country, with varying population size (ranging from 127 thousand inhabitants in county B to 332 thousand in county E by December 2009), and varying proportions of youths (ranging from 17.9% in county A to 21.9% in county F by December 2009) [21] .
Data Collection
The different sources for data collection were for prevention: survey, interviews and County Council records 
Survey
In April 2010, a survey 1 was sent by e-mail to two key informants in each county: STI-coordinators and CMOs. In some cases, surveys were passed on to colleagues within the Units for Communicable Disease Control (county CDC units) resulting in answers from STI-coordinators (all counties), four CMOs (counties B, E, F & G), and two CDC unit nurses (counties A & D).The informants were selected for holding strategic positions in STI prevention from which they could take an overall view of the case. Before the questionnaires were sent out, the informants were informed by letter about the study and its aims. The questions in the survey considered prevention factors of structure corresponding to: program-and County Council investments, organizational structure, leadership, role in regional network, competencies, research connections, collaborations, regional action plans and implementation of NAP; and activity corresponding to: testing characteristics, testing coverage, partners tracing, risk approach, information efforts, internet based communication, outreaching activities and condom distribution.
Interview
Following the retrieval and reading of the completed surveys (received from all counties), telephone interviews with the 13 key informants were conducted during the period from April to June 2010. An additional five persons were interviewed based on recommendations by the original informants (1 CDC unit nurse in county C, 4 counselors in STI-, dermatology-and venereology clinics in counties A, C, E and F). The purpose of this step was to further explore the preventive efforts and their implementation based on the same factors (structures and activities) as in the questionnaires. The answers from the interviews, which were audio recorded and ranged in length between 30 -45 minutes, were condensed by county in a written document for all informants to read and comment on. This lead to a few additions and corrections in all cases, after which all informants, except one in county A that could not be reached after repeated attempts, approved.
County Council Records
The survey and interview data regarding prevention factors was complemented with County Council data regarding program investments from the governmental grant for prevention of STI (obtained from the counties' applications, decisions and follow-ups, and from statements of accounts on implemented projects), and County Council investments in STI prevention (obtained from County council records).
Indicators of Successful Prevention
Successful preventive response was indicated by high proportion of condom use (2009) and decreased number of chlamydia cases (2006-2009) for each county. The first indicator was measured by condom use at latest vaginal intercourse among youth and young adults 15 -29 years, retrieved from a large survey study on young people, sex and health by Gothenburg University (Ung-KAB) [22] . The survey was sent to a random selection of 15,000 (15 -29 years) individuals across Sweden of which 77.5% answered the question on condom use at last intercourse (n 11,625). The second indicator was retrieved from the annual number of reported cases of chlamydia, provided by the Swedish Institute for Infectious Disease Control (SMI).
Case Study Methodology
The study was performed by the multiple case study method. Generally, this involves the use of multiple sources and techniques in the data gathering and analysing process in order to explore and generate understanding of a phenomenon based on a restricted number of cases [23] . Hence, the method was judged suitable for the current study aiming at exploring several prevention factors in connection to indicators of preventive success, among a selection of seven cases (counties), by various data sources.
Analysis
A single researcher performed the interviews while the analysis was done by two researchers to improve robustness. Each county was initially treated as a single case in the analyses of prevention data. Then, a cross-case search for patterns was applied to identify deviations from the norm of performance in prevention activities and structure [24] .
In effect, a framework based on evidence from research was applied to the data from surveys and interviews in order to enable a rating system from 1 -5 for each prevention factor. The rating was data-based, meaning it was solely and consistently based on a comparison with other cases in the study. The performance of the majority of counties was referred to as the standard (3), whereas deviations were referred to as strengths (rating 4 -5) and weaknesses (rating 1 -2). Hence, the weakest performance on a prevention factor was given 1 while the strongest was given 5. For example, in program investment, county F was identified with the highest investment (5) while county B was found to have the second highest investment (4). Regarding testing characteristics, county B illustrated good accessibility with a campaign (4) while county F showed similar performance but with a more extensive strategic plan for testing, and was hence rated highest (5) . Potential key factors for successful prevention were finally identified by strengths (4 -5) corresponding to a high proportion of condom use and a decrease in number of reported chlamydia cases. 
RESULTS
Strengths and Weaknesses in Chlamydia Prevention
The summarised results of the analyses of prevention data from survey and interviews for each county are presented in Tables 1 (structure) and 2 (activities).
County A-On the structural level most factors (7 of 10) were found below the standard, with weaknesses regarding structure of organization, leadership, competencies, research connection, collaborations, regional action plan and implementation of NAP. Concerning activities, 2 of 8 factors were on a standard level while weaknesses (6 of 8) regarded testing coverage, partner tracing, risk approach, information efforts, internet based communication and outreaching activities. No strengths were found.
County B-Most of the structural factors (7 of 10) were identified on a standard level, although identified strengths (2 of 10) concerned high program investment and a regional action plan. On the other hand, one weakness was found to be a saving package in the County Council. Regarding activities, factors of strength (4 of 8) were testing characteristics, information efforts, outreaching activities and condom distribution. Weaknesses (3 of 8) were found for testing coverage, partner tracing and risk approach, whereas regarding internet based communication, the county corresponded to standard preventive measures.
County C-Most structural factors (6 of 10) were identified on a standard level, one strength was identified (County Council investment), while weaknesses (3 of 10) were recognized in program investment, competencies and research connection. Also for activities, the majority was on a standard level (7 of 8). The exception was the weakness of restricted information efforts.
County D-Regarding structural factors, the county was mainly in line with standard (8 of 10) with strength in implementation of NAP and a weakness regarding organization structure. Concerning activities, strengths Table 1 . Structure of prevention: strengths (4, 5) and weaknesses (1, 2) compared to standard (3) in seven Swedish counties (A-G). 
Extensive (4) No data (1) were found (2 of 8) regarding partner tracing and internet-based communication. Four factors were on standard level, while testing characteristics and condom distribution were identified as weaknesses.
County E-The distribution of strength and standard factors on a structural level was equal for the county (5 of 10 respectively). Strengths included the organization structure, leadership, the managing role in the regional network, research connection and collaborations. Considering activities, 5 out of 8 factors corresponded to the standard preventive measures, whereas testing coverage and risk approach were judged as strengths, and internet based communication as a weakness.
County F-The county was defined the strongest case with all structural (10 of 10) and activity factors (8 of 8) identified as strengths. Seven out of ten structural, and six out of eight activity components were rated at highest level (5) for possible strengths.
County G-The identified strength in structural factors for the county was competencies while other factors were on the standard level (3 of 10) or identified as weaknesses (6 of 10). Concerning activities, most factors corresponded to the standard level (5 of 8), while testing coverage, outreaching activities and condom distribution (3 of 8) were rated as weaknesses.
In summary, county F was the only county identified with strengths in all prevention factors and county E was the only county found to hold only strengths and components at standard level with the exception of internet based communication. On the other hand, county A was the only county without classified strengths, with only weaknesses besides standard preventive measures. Also county G had more weaknesses than strengths identified along with factors on the standard level. Figure 2 shows the proportion of condom use by county. In counties C, E and F, the use of condom at last intercourse among youth and young adults were 29%, 26.5% and 27.6%, respectively, while in other counties the use was lower, spanning from 17.8% -23.0%. the strongest decrease in reported number of chlamydia cases by 21.03%, whereas counties A, B, D and E had moderate decreases (5.55%, 7.05%, 5.28% and 9.84%). The conclusion is that two counties (E and F) fulfil the indication of successful prevention based on the combined consideration of high proportion of condom use and decreased number of reported chlamydia cases.
Indicators of Preventive Success
Key Factors of Successful Prevention of Chlamydia
The identification of potential key factors of successful prevention against chlamydia and other STIs is based on assessed prevention . Counties E and F were also the counties with the highest proportions of young people compared to other counties (21% -22% versus 18% -19%).
County F deviated from the rest of the counties with a combination of high investments via the governmental grant (program investment) and high investments in, not only STI prevention, but also general public health and health care issues via the County Council. This generated a need-based and flexible resource allocation where the CMO and the STI-coordinator had the possibility to initiate prevention activities where and when a need was identified.
Strengths in collaboration and organization were evident for counties E and F, as well as in their position as responsible of managing the regional networks for STI prevention that all counties are involved in. Both counties also represented strengths regarding the number of collaborating partners, and regarding research and performance of research projects. Concerning leadership and competencies, four counties including E and F had STI-coordinators in full time position, which in all cases were recognised as a crucial prerequisite for the coordination and structured implementation of activities. Additionally, counties E and F showed favourable testing coverage, with the highest ratios of tested males versus females, high number of tests per case and high number of tests per 100,000 inhabitants of 15 - Contrasting counties E and F, E had a more traditional approach while F applied more innovative activities regarding, for example, information and communication efforts. County F differentiated itself by the use of approaches such as theatre shows, and information tours at youth clubs, while the majority of counties use strategies such as information by outreach to schools. It could be that this, in combination with other outreaching activities, maintained the awareness of the issue among youth in the region. County F provided also a range of online platforms for communication with the target group via information sites for events and competitions, condom sites for information and distribution, online tools for booking appointments and internet-based testing possibilities.
Two counties, A and G appeared to be characterized by several weaknesses. County A stands out in that it performed few prevention activities together with weaknesses on the structural level such as having little collaboration, less than three STI-groups meetings per year and a limited engagement by a STI-coordinator. The weaknesses were combined with low condom use, but also with a decrease of reported chlamydia cases ( County B received high ratings in prevention activities, but experienced a moderate decrease in reported chlamydia cases (2006) (2007) (2008) (2009) . This county receives high numbers of tourists and young seasonal employees during the winter season, which contributes to a high proportion of cases in individuals residing outside the county, potentially not targeted by the prevention activities in the county.
County D was found to correspond to the standard preventive measures in structure and strengths of partner tracing and internet-based communication were found in activities. This was combined with a moderate decrease in chlamydia cases [24] . County D is the largest of the counties with long distances between towns and clinics, which has been responded to by a system of telephone based partner tracing.
County C experienced a slight increase in reported cases, despite prevention efforts similar to other counties and the highest condom use of all (29.0%). This should also be considered in the light of having the highest proportion of individuals stating that religion affects their everyday life very much, 4.6% compared to 2.4% in Sweden in general [22] .
DISCUSSION
Main Findings
The present study was performed to identify potential key factors of successful chlamydia prevention by a multiple case study, analysing the differences between Swedish counties in prevention efforts To the authors' knowledge, it is the first study to explore this area. Identified potential key factors were: adequate program-and County Council investments, suitable organizational structure, strong leadership, managing regional networks, research connection, multiple local collaboration, high testing coverage and strategic risk approach. In all, counties with strengths in preventive measures were E and F, counties with weaknesses were A and G, and counties with standard preventive measures were B, C, D.
More specifically, high investments in primary and secondary prevention, legitimate and clear leadership and collaboration with multiple cross-sectional regional agents, and scientific foundation for action seemed vital. Furthermore, comprehensive testing with high ratios of tested men versus women, high numbers of tested per positive case and of tested per 100,000 inhabitants were identified as important. Finally recognised as successful was implementing a broad mix of efforts simultaneously, including targeting risk individuals in testing and counseling, and potentially using innovative approaches like internet-based communication and health care services.
Investment levels in STI prevention activities in county F were significantly higher per capita than in the other counties and increased investments have been made from the County Council. Considering the high proportion of condom use and reduction in chlamydia cases in this county, this highlights availability of resources as a key factor in an active response complementary to increasing needs in the population. Earlier research states that a good balance between spending on prevention, health promotion, and treatment care is favourable [7, 9] . In the case of county F, this may be reflected by the program investment (prevention) and spending by County Council (traditionally testing, treatment and partner tracing).
Counties E and F received funding from and were responsible for the governmental grant for the regional networks, which may entail a possible synergetic effect regarding leadership, capacity and knowledge. However, whether this brings positive effects or whether the latter was a factor in them being assigned the responsibility is unknown.
The organizational structure in county F indicates that many local agents and multiple institutions in collaboration may benefit the outcome of activities. Further, a strong leadership and clear goals were identified, and also expressed by informants, as strengths. This supports evidence concerning the importance of building and sustaining partnerships including NGO's, health care practitioners and researchers [8] .
Accessibility to testing and quality-assured partner tracing with trained partner tracers were important strategies for all counties although the execution varied in terms of county covering policies. The situation in county F indicates that actively attempting to target risk groups with risk assessment tools and consistent behavioural counseling methods at the time of testing, may be effective [8] along with quality-assured partner tracing [25] , centralized to a limited number of trained partner tracers. The fact that county E and F show high numbers in testing volumes, testing ratio of males versus females and number of tests per case indicates that they have succeeded in reaching risk groups. This, in combination with their high condom use and decrease in reported chlamydia cases indicates that a targeted and comprehensive testing profile is a sound approach and that men are then included in testing to a greater extent. In counties C, D and G, testing is paid for by the specific test-taking unit, which could be questioned as contradictory with the aim of establishing a sustainable and volume-independent testing profile.
Counties C, D and F use the internet as a platform for communication with the target group in many of their activities regarding information, condom distribution and testing. Previous studies highlight the preventive potential of internet-based communication with target groups that seek health information online, specifically on sex and sexuality in general, [26] and for chlamydia testing [27, 28] .
Regional differences in population size of young people across counties confirm that prevention efforts in county E and F were well suited to the target group of chlamydia and other STIs, that county B despite fine prevention efforts failed to reach the large group of seasonal employees, that county A managed to compensate weak prevention efforts with low proportion of young people, and that county C had high condom use and a slight decrease in chlamydia cases despite standard prevention measures.
LIMITATIONS
The study does not consider the effectiveness of certain prevention factors, but merely relates the results to current evidence on effective STI prevention. Nor does it attempt to clarify the causal link between prevention structure, prevention activities, condom use and reported cases of chlamydia. Another evident limitation is the general difficulties regarding the outcome of chlamydia since the spread of infectious disease will ultimately depend on many different factors.
Condom use as a risk measurement of STI was considered a suitable indicator of successful prevention. It is worth noting that previous studies have shown that condom use among Swedish adolescents and young adults is relatively low (20%) compared with Finland (48%) and Norway (55%) [29] and other European countries. The UngKab survey was not powered with the aim of detecting between-counties differences of condom use, and the variation in numbers of respondents between counties may be due to differences in population size as well as in response rate. This weakness was, however, considered acceptable considering that there is no other currently available data that could serve as an indicator of condom use by county in Sweden.
The decrease in number of reported chlamydia cases was considered the ultimate indicator of chlamydia prevention. However, this is merely an indicator of prevalence (and incidence) of disease. While the true incidence can only be identified if general screening is in place, the number of reported cases largely depends on surveillance systems and the fulfilment of reported cases may vary between laboratories, health care staff and counties. It should also be noted as limitation that all cases with a decrease in reported cases was considered noteworthy. In the analysis, based on the combined consideration of high proportion of condom use and decreased number of chlamydia cases, the two counties (E and F) with a decrease greater than 9% were concluded to constitute the joint indication of successful prevention. However, the only county with a statistically significant decrease (p < 0.05) during the study period was F. Furthermore, nationally covered data on age-and sex-specific testing volumes and frequencies are not available due to the characteristics of the current reporting systems in Sweden.
In the analysis, preventive factors were regarded as equal, given the same value regardless of whether, for example, a quality assured and well-functioning partner tracing is more decisive for success than condom distribution. It should also be noted that comprehensive data on the quality and quantity of sexual education activities in schools have not been taken into consideration. Given the health promotion evidence for such interventions, [19] one cannot exclude a possible distorting impact on the results.
It must be acknowledged, as a potential limitation, that county F's CMO was involved in the development of the National Action Plan for chlamydia prevention 2009 together with the Swedish National Board of Health and Welfare. This indicates that county F has had the opportunity to regionally implement the NAP ahead of time in comparison to the other counties. Moreover, it is quite probable that participation in the national goal setting and planning facilitate regional strategy setting and implementation [2] .
The study generally supports a link between on the one hand preventive strengths and on the other hand high condom use and decreased chlamydia cases. However, the situation in counties B, C and D displays that the present case study application is not sufficient for a deeper understanding of the underlying complex regional characteristics such as seasonal migration, geographic distances and other demographic/cultural factors.
Nevertheless, the advantage of the case study method is its applicability to contemporary, situational cases, based on multiple sources of data which reinforce findings through triangulation [30] . In this study, survey and interviews among key informants, and regional and national registry data, regarding seven counties were used. Rich amounts of data for analysis and conclusion is a strength, while the risk of missing vital components in the mass of data and of failing to clearly structure analysis and conclusion is a weakness. Considering the heterogeneity of the studied cases and the extensive sources of information used, the present study is likely to add knowledge on potential key factors in regional prevention of chlamydia and other STIs. Despite several limitations, we suggest that it provides insight into current activities as well as into development needs.
CONCLUSION
This study concludes that Swedish counties implement a range of similar prevention efforts in the area of chlamydia and other STIs, but that the scope and systematization of implementation differs. The national as well as the regional action plans show little concern for the structure of prevention. Greater consideration to structural factors, such as adequate investments, suitable organizational structure, strong leadership, regional networks, research connection and multiple local collaboration may therefore benefit the outcomes of prevention activities. However, in order to confirm our findings, further studies of successful prevention mix are required and research bridging the gap between STI-prevention and infectious disease epidemiology should be encouraged.
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